INTRODUCTION
It would not be too much of an exaggeration to say that oscillations are one of the main forms of motion. They range from the periodic motion of planets to random openings of ion channels in cell membranes. The chain of material particles coupled with elastic and damped elements periodically forced performs oscillatory motions with all characteristic phenomena like as dynamical absorption, resonance, beating, modulations, synchronisations and could be used like a model of various natural phenomena. Nature is not based on isolated individual systems. It is rich in connections, interactions and communications of different kinds that are complex beyond belief. With this, synchronization is the most fundamental phenomenon associated with oscillations. Chains of material particles with non-linear coupling are systems with pronounced nonlinear characteristics. When one couple material particles that oscillates a lot of things can happen. For example, oscillations can stop altogether, which might be good sometimes, but occasionally disastrous. Or they could become totally unpredictable-but you might like it nevertheless because it looks beautiful. But the phenomenon which is most often associated with synchronization is the change of the time scales of interacting systems: if one couples the systems cleverly, they can start to oscillate "syn-chronously," which means "sharing the same time" [1] .
The nonlinearity brings the properties of exponentially divergence of trajectories of particles that starts from very close points in phase space, nevertheless even in that systems on may find synchronization, which is rather surprising detail [1] [2] . In the general sense the synchronization consider the correlation or mutual response in time behaviour of two or more processes. In other words, regimes of subsystems have to coincidence after some period of time [3] [4] . One can say that synchronization is the most fundamental phenomenon that occurs in oscillating processes. In most general terms, synchronization can be defined as an adjustment of the time scales of oscillations due to interaction between the oscillating processes, [5] .Investigation of dynamics of chains of material particles in the systems with more than three degrees of freedom, even in the field of classical and linear chain forced dynamics, is important not only for mechanical signal processing, but also for electrical signal processing and signal filtering, for processing biodynamical signals in life systems (DNA double helix chains [6] , biodynamical chain oscillators [7] [8] ) and also for university teaching and integrations of scientific results in different scientific fields.
This paper presents possibilities of identical synchronization (IS) in the non-linear chains of material particles. First of all we present model of synchronization of two material particles coupled with damped and linear and non-linear elastic elements that is mathematically tractable. Our experience tells us that models with the latter property are exceptional. While the treatment of just a two coupled elements can be done within the framework of non-linear dynamical systems, the description becomes much more complicated for a large number of such elements. Considering that in the next section we use multiparametric numerical simulations by using the possibilities of the Mathematica software for crossed chains with nine material particles. Depending of values of coupling coefficient and the positions of the external excitation the effect of synchronization is less or more present. After all, few conclusions about the nature of coupling like as necessary strength of coupling coefficients which is needed and enough for IS in the particular chain systems were discussed. From all different cases of synchronization the identical synchronization (IS), as a particular case of general synchronization, was been of interest in this paper as in the paper [9] . The most simply case of IS could be bring off when the particles are coupled with sufficient 
MATHEMATICAL MODELING
Mathematical modelling can assist in formulating hypotheses and finding the experiments that may differentiate between different mechanisms, can help in determining which of the assumed mechanisms is likely to be most important for the observed effects. Finally, and perhaps most importantly, mathematical modelling is the tool for synthesis-the process of combining separate elements in order to form a coherent wholeallowing reconstruction of the function of phenomena as a whole based on the acquired knowledge of elementary processes.
The basic model of forced non-linear oscillations of two material object with mass 1 m and 2 m that are coupled with elements of damped and elastic properties, Fig.1 . The elastic coupling element has both linear and nonlinear parts, the non-linear part is introduced like a nonlinearity of third order. c c, The system of the two coupled nonlinear differential equations that corresponde to this model is:
where we use notation for the coefficients: of non-linear coupling may be obtained by using the Krilov-Bogolyubov-Mitropolyskiy asymptotic method, if it was taken into account that defined task satisfies all necessary conditions for applying asymptotic method Krilov-Bogolyubov-Mitropolskiy concerning small parameter  . The system of the first order differential equations according to unknown amplitudes and phases in the first asymptotic averaged approximation [10] may be rewriten in the general form as follow:
The full forms of constants i  , i  , i  and i P could be find using the proposed method. Here it was underlined that these constants all rely on coefficients of coupling properties via cofactors   
This practically means that after enough period of time the dynamics of oscillators becomes the same
This equality in the unique state space presents subspace (diagonal), and that equality represents convergence of
, [4] .
While the treatment of just a two coupled elements can be done within the framework of non-linear dynamical systems, the description becomes much more complicated for a large number of such elements. The next model of interests is the model of chain lattice composed of the four chains with eleven material particles. The chains are orthogonally crossed on the third and the ninth particles noted as a knots, so there is two horizontal and two vertical chains, Fig. 2 . Now we have forty four coupled equations of motions in the form:
NUMERICAL SIMULATIONS OF IDENTICAL SYNCHRONIZATION
To solve system of coupled differential equations (5)we were forced to use numerical simulation to obtain conclusions about possibilities of knots IS. We assume that horizontal and vertical directions of motion are independent, so for a general trajectory of knots motions we actually sum up the solutions from independent directions. For possible identical synchronization of vertical knots we are looking for the equality For the case when external excitations act on the middle of the chains like it was presented on the right part of Fig. 2 , we have interesting phenomena of initial synchronization of knots, the diagonal line that is visible in the beginning of the motion, Fig. 6 upper part. In initial periods nodes are synchronize but after some period of time lost IS, it is necessary that signal from external excitation from the middle of chain reachs to the node after some initial period and to disturb the synchrony. Increasing the time period we lost synchrony, Fig. 6 lower part. By increasing coefficient of linear coupling the period of time in a synchrony of nodes is longer, Fig.7 , we can notice that the period of time is the same like as on the lower part of Fig.6 , but there is diagonal line representing IS because of the greater value of the coefficient of the linear coupling. When nodes from vertical chains share the signal from the external excitation that acts on the middle point of vertical chain, Fig. 8 , then the initial identical synchronization is possible with transition to phase synchronization. If we retain all parameters on the same values and only change the position of the external excitations that acts on the middle points of the horizontal chains, Fig. 9 , then we find out identical synchronisation of left vertical nodes. This is due to the fact that excitation is symmetric in the latter case, and in the first case the influence of the signal from the parallel chains that has time delay causes the transition to phase synchronization. The presented numerical simulation was performed to the identical synchronization mostly of the nodes from the left vertical chain, but all the given conclusions have relevance to synchronization of the other nodes.
CONCLUSION
The presented phenomenon of synchronization is very useful for elucidate the overall dynamics of large systems of material particles. The multi parametric computations (in silico) experiment is very useful tool for fast visual and parameter analysis of identical synchronization threshold. In chains with non-linear coupling the nonlinearity brings the properties of exponentially divergence of trajectories of particles that starts from very close points in phase space, nevertheless herein was shown that even in that systems one may find synchronization, which is rather surprising detail.
The identical synchronisation of all four knots of the lattice is possible if every node is synchronized with the other three knots, furthermore it is possible to conclude about synchronization of all knots on the base of the three knots synchronization only if it the external excitations act on the symmetric position in the lattice. The possibilities for identical synchronisation are generally greater if the coefficients of coupling have greater values, but in some cases it is possible that we have ragged synchronization with increasing some parameters. On the base of these multi parametric numerical simulations it is easy to find out the needed and enough values of parameters for reaching IS, i.e. to find out synchronization threshold that varies with values of system parameter and with position and values of the external excitations. As it is shown, by measuring the synchronization times for different cases of excitations positions, that these simulations could be used for measure of signal processing in these models of chain lattices.
